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Safe Yield Approach
with an Environmental Protection Factor

Normal Year

Volume
Drought Year
Volume @
Unimpacted Gage
WMA Allocatable Volume Allocatable Amount
= Existing + Future Varies by basin
Annual - -
Basin Yield

(Volume)
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Major Basin Safe Yield=

Basin Yield

-+

Reservoir Storage Credit

Environmental Protection Factor



USGS Sustainable Yield Estimator

Calculates Daily Estimated Unimpacted Flows
Calculates Daily Estimated Impacted Flows
Generates Period of Record 1960-2004
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Basin Yield

Annual Drought Volume
Calculated from SYE Statistics
using Monthly 90t percentile low flows

Millers
Jan Feb |Mar |Apr May |Jun |Jul Aug Sep [Oet Hov |Dec |Ann

208 .24 .34 .56 02| 044) 029 i0.14 0.0% 0.08 0.16 0.22 0.27 Q.31
Qa5 0,34 0.43 074 1.065 054 025 0.16 0.14 0.12 0.20 0.26 .40 0.38
CAao 0.44] 057 091 .28/ 070 030 0.20 015 0.5 023 034 048 048
Q80 062 072 1.16 172 0658 040] 025 Q.20 0.21 0.31 0.51 0.63 0.64
Q75 070 0.E0 1.32 1.3 1.11 046 026 022 0.22 0.34 0.58 073 0.72
Q50 (Medians of Daily Means) 1.11 1.23 224 285 1.63 i0.84 i0.39 0.33 0.33 0.53 1.11 1.28 1.16
Median of Monthly Means, cfsm 1.54 1.44 2 04 411 206 1.02 0.56 0,40 (.45 (.66 1.31 1.54 1.50

Monthly values are time-weighted and “rolled up” J

into an average annual value *

* =((Jan x 31 days) + (Feb x 28 days) + (Mar x 31 days) + (Apr x 30 days) + (May x 31 days) + (Jun x 30 days)
+ (Jul x 31 days) + (Aug x 31 days) + (Sep x 30 days) + (Oct x 31 days) + (Nov x 30 days) + (Dec x 31 days) )/365 days
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Monthly Q90 Rollup:

A synthesized low-flow year.
How does it compare to real years?
What is the recurrence interval?

We compared all the SYE Simulated Years

Monthly Median of Daily Mean Flow 5. cism
Jan | Feb | Mar | Apr [ May | Jun | Jul | Aug | Sep | Oct | Mov | Dec Ann
1961 0.B8) 0B8] 362 B.13 252 1.04] 0.3 0.31 0.4 0.45 089] 085 1.54
1962 1.76] 0.86 202 468) 188 0.656 024 0.23 017 0.99 274 211 1563
1963 1.70 116] 268 224| 160 079 0.20 0.10 006 0.08 133 1.62 1.11
1964 1.29 1.72 2868 2.66) 160 062 0.46 0.05 004 0412 0.16] 0.39 1.00
1965 0.d4 1.12 1.62 1.72 083 0456 0.12 0.14 6] 0.2 0268] 027 081
1966] 033 1.17 272 1.23 100, 046] 012 0.10 017 0.28 073  0.61 0.74
1967 (.81 068 1.83] 3.80 2.8 1.38] 061 0..30 0221 0.25 066 1.16 123
19668] 1.34 1.26 2.5 1.66| 1.0¢ 1.60 06 0.20 012] 0.35 1.44 1.63 121
1969 1.1 166 222 3468 1562 067 022 0.24 0221 0.28 233 271 1.42
1970 1.68)] 2.39) 160 270 1.70] 0.83 0.5 0.14 016]  0.30 128 1.02 1.18
1971 078 1.62 364 328 26 088 033 0.10 0.14] 0.24 0.4 1.68 132
197 2 1.2 1.63 4.20] 370 =57 3.31 1.86 0.3 0Ls6] D62 2368] 2.58 206
1973 Z244] 216 J.28] 478] 3147 1.08]  OuB4 0.28 013] 014 0G5 1.98 1.74
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Monthly Q90 Rollup:

A synthesized low-flow year.
How does it compare to real years?

Shawsheen River Basin
Monthly Q50's (medians of daily flows)
Monthly Q90's (90th percentile of daily flows) = 0.52
1980, 1965=0.61 (Monthly medians of daily flows)
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In some basins Monthly Q90 rollup is
much below minimum actual year

Hudson River Basin
Monthly Q50's (medians of daily flows)
Monthly Q90's (90th percentile of daily flows) = 0.47
1980=0.77, 1965 (Monthly medians of daily flows)
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SYE can’t be used for all major basins

Part of 16

MASSACHUSETTS RIVER BASINS

ki

Part of 9

1. Hudsan 13 Memmack 25, Marragansett Bay
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b. Kinderhook 15. Concord 27, Ten Mile

¢, Bashhish a. Assabet 8. Burzard's Bay

2. Housatonic br. Sudbury

3. Deerield ¢. Concord

4. Westfield 16, Parker

5. Farmington 17. Ipswich

. Connecticut 18, North Coastal

7. Millers 19, Boston Harbor
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Apply a MGD/square mile value to coastal basins for safe yield?
Use actual gage data for major regional rivers (net values)
Use some version of 2009 recharge calculations for safe yield?
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Safe Yield
Reservoir Storage Credits



Safe Yield Reservoir Storage Credits

Inflow

A 4
Storage to credit in Safe Yield

1 Year system use =
Authorized + Release

‘Outflow

\ Basin Yield Inflow (SYE) }

Reservoir

ecredit basins with large amounts of storage:
*Storage exceeds one year of drought year inflow

estorage also exceeds one year of authorized water use.

*The first year of inflow cannot be added to the Safe Yield, since it is already
included in the SYE flow estimate for the basins.
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Safe Yield Storage Credit

 When storage is greater than both Basin Yield flow and
Maximum Annual Use, maximum “credit” to basin safe yield =
average annual inflow rate to the reservoir

* Alesser amount of “excess storage” could be credited for
amounts of storage above one year of water use but less than
the average annual inflow volume

* For multiple reservoir systems within a single major basin that
pump between reservoirs, the total volumes, inflows, and
withdrawals can be analyzed together



Proposed Reservoir Storage Credits

Quinebaug (Southbridge) = 0.07 MGD
Housatonic (Lee) = 0.12 MGD
Boston Harbor (Mystic Lakes) = 1.62 MGD

Westfield (Springfield) = 62.6 MGD

Nashua (MWRA, Fitchburg) = 141.6 MGD
Chicopee (MWRA, Fitchburg) = 250.1 MGD



Step 1: Determine Reservoir Storage

Volume in millions of gallons
USGS SIR 2006-5044 (Firm Yield)

SOUTHBRIDGE WATER DEPARTMENT FITCHBURG WATER DEPARTMENT
Hatch Bickford Reservoir
atchet Storage
POnd maximum 1052.0 Mgal at 1045 ft p— WaChUSEﬁ
SmrEQEZ e minimum__143.8 Mgal at 1022.5 t Reservoir
' 2 available  908.2 Mgal Storage
Q m"lm‘;‘ 153'3 M@::: :g; 8 maximum 546 3 Mgal at 892.4 t
S iaoi 1535 Mea) minimum  156.0 Mgal at 882 ft
g?‘ aval -5 Mga Mare Meadow available 390.3 Mgal
Reservoir ] I
Storage Firm yield =
Hatchet Brook maximum 1785.0 Mgal at 1060 f 1.07 Mgal/day
Reser\loir NO 5 minimum  39.2 Mgal at 1030 ft
Storage * ) - available 1745.8 Mgal
In] maximum 1804 Mgal at 748.4 ft 5
:SJ minimum 19 Mgalat723 ft §i
~:c:' available 178.5 Mgal
g Meetinghouse Reservoir
Storage
maximum 955.4 Mgal at 1033 ft
Hatchet Brook System minimum 3099 Mgal at 1018 ft
Cohasse Pumped Reservoir No. 4 firm yield'= |  avisble 655 Mga
P E—

Reservoir Storage® 19.50 ) .
maximum 303.2 Mgal at 707.6 ft Maal/d Fitchburg Reservoir
minimum  37.8 Mgal at 684 ft galiday Storage

© il maximum 632.4 Mgal at 1007 ft
Storage’ g avaiable 265.4 Mgal g minimum 6.9 Mgal at 386 f
maximum 403.9 Mgal at 634 ft g . i )
minimum  18.5 Mgal at 591 ft g Tr‘évaetl:r?t[ant - § avaiatla 6335 Mga
available 385.4 Mgal Facility o
Hatchet Brook Lovell Reservoir [ |« Smuivfed
i Storage i
SFl{eser;fmr No. 3 rasinin 3501 ool 741 gtcogt;eReservmr
mt‘;l‘li';gi 90.1 Mgal at 680.1 ft nw_l‘u"lga maximum 191.3 Mgal at 833.3 ft
mimimum 1.3 Mgl af 662 f available 360.1 Mgal minimum 0.2 Mgal at 845.3 ft
available 8.8 Mgal available 191.1 Mgal
Water
Water Treatment Treatment
Fadility Facility
System firm yield =
System firm yield = 6.48 Mgal/day 6.24 Mgal/day
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Example— MWRA Quabbin
(Largest proposed Storage Credits)

Step 1: Quabbin Reservoir Storage Volume = 333,720 Million Gallons

Step 2: Determine Basin Yield Reservoir Inflow

Use Basin Yield for Major Basin to scale reservoir inflow to reservoir drainage area

Major Basin Yield (MGD)/Basin Area (Sq Mi) X Drainage Area to Reservoir = Basin Yield Reservoir Inflow, MGD
Multiply Reservoir Inflow X 365 days/year = Reservoir Inflow in Millions of Gallons (MG)

Quabbin BYRI = 0.54 cfsm x 186 sq mi x 365 days/yr = 23,652 MG

Step 3: Compare Reservoir Storage Volume to Basin Yield Reservoir Inflow
If Reservoir Storage < Basin Yield Reservoir Inflow Then no credit to safe yield amount
If Reservoir Storage > Basin Yield Reservoir Inflow Then continue to Step 4

Reservoir Storage 333,720 >> Basin Yield Reservoir Inflow 23,652 MG
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Quabbin Example Continued

Step 4: Determine reservoir system authorized withdrawal in MGD
Add WMA registered and permitted withdrawals

Quabbin Authorized withdrawal = 186.7 MGD (WMA Registered)
= 68,146 MGY

Step 5: Determine Release Requirement, if any in MGD
Quabbin release requirement = 14,386 MGY
Step 6: Calculate Maximum Annual System Use
= Authorized Withdrawals + Release Requirement (MGD)

Multiply Maximum Annual System Use (MGD) X 365 days = MG

Quabbin Max Ann Use = 82,532 MGY + 14,386 MGY = 106,184 MGY
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Quabbin Example Continued

Step 7: Compare Reservoir Storage to Maximum Annual System Use
If Reservoir Storage < Maximum Annual System Use Then no credit to safe yield amount
If Reservoir Storage > Maximum Annual System Use Then continue to Step 8

Quabbin storage = 337,720 >> Max use 106,184 MG

Step 8: Compare Reservoir Storage to Basin Yield Reservoir Inflow + Maximum Annual System Use
If Reservoir Storage < BYRI+Max Use Then safe yield credit = (Reservoir Storage — Max Use)/365 (
If Reservoir Storage > BYRI+Max Use Then continue to Step 9

Quabbin Storage 333,720 MG >> BYRI 23,652 MG (with 194,102 MG to spare)
Step 9: Safe Yield Credit = Reservoir Average Annual Inflow
Use SYE to calculate average annual inflow at a point coincident with the reservoir dam or outlet

Convert resultant flow in cfs to MGD (cfs/1.55 = MGD)

Res. Ave. Ann. inflow = Ware (47.3 MGD + Quabbin 195.2 MGD = 242.5 MGD (full credit)
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O X N O Uk WWDNRE

MWRA Wachusett

Reservoir storage = 65,000 MG

BYRI = 14,614 MG

Storage > BYRI (yes)

Authorized withdrawal = 126.12 MIGD = 46,034 MIGY
Release requirement = 624 MIGY

Max annual use = 46,658 MGY

Storage > Use ? (Yes)

Storage > BYRI + Use? Yes

Safe yield credit = average annual inflow = 127.4 MIGD
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Safe Yield Results
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SWMI Safe Yield Options
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SWMI Safe Yield Options (Continued)

MGD

Basin Yield: Monthly Minimum Flow Year rollup

Safe Yield C: EPF (1) August Median Flow

Safe Yield D: EPF (2) 75% August Median Flow
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SWMI Safe Yield Options

MGD/mi2
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Basin Yield: Monthly Minimum Flow Year rollup

SWMI Safe Yield Options (Continued)
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